Summary: The Laser-nephelometric technique is characterized by its easy handling, accuracy, good reproducibility and especially by the short time in which reliable results are available. A very good correlation was found between the results obtained by the electroimmunoassay and those obtained by Laser-nephelometry. In both techniques <* 2 -macroglobulin is the largest serum protein that can be determined in normal unconcentrated cerebrospinal fluid (CSF). This is of diagnostic significance, since the serum/CSF ratios of both albumin and a 2 -macroglobulin are used as a parameter for the blood-CSF barrier condition.
Introduction
In recent years the quantitative determination of single proteins in biological fluids has become a diagnostic tool of great significance. Using these methods, even those proteins previously considered to be extraneous in normal cerebrospinal fluid e. g. fibrinogen, IgM and j3-lipo« protein (1) , can be detected.
Although the electroimmunoassay (2) was found to be suitable in routine work (3) the application of Lasernephelometry or Laser light scattering immunoassayboth terms are used synonymously -is a further progress in laboratory diagnostics. This assay is based upon the formation of complexes between a particular antigen and its specific antibody, that can be measured by nephelometry, The major advantage of this technique is the time saved in comparison with other methods.
Material and Methods
In the serum and cerebrospinal fluid of 50 patients suffering from a variety of neurological diseases and psychiatric disorders, the determination of albumin, IgG, IgA and a 2 -rnacroglobulin by the routine electroimmunoassay (2,3) were compared with the re* suits obtained by Laser light scattering immunoassay. Since a good correlation was found between both immunological techniques (see page 632) in routine work, the electroimmunoassay was replaced by the Laser light scattering immunoassay. These four proteins were determined in specimens from 500 patients (both inand out-patients) between June and December 1977 in our hospital, using only Laser-nephelometry. All cerebrospinal fluid samples were free of erythrocytes. The total protein content of cerebrospinal fluid was determined according to Lowry et al. (4) . In 200 of these 500 patients showing an increased total protein level of cerebrospinal fluid (above 600 mg/1), the IgM and ß-lipoprotein were measured additionally by Laser light scattering immunoassay in both serum and cerebrospinal fluid. Those samples investigated by both techniques were handled as described elsewhere for the electroimmunoassay (3). All determinations of proteins were made with the Laser-NepheIpmeter (Behring Institut, D355 Marburg, F. R. G.) and special plastic cuvettes (W. S. Sarstedt, Supplied by the Behring Institut) were used. Laser nephelometric (LN)-tested antisera were applied. With the exception of 0-lipoprotein, which was measured with 0-lipoprotein reference serum, laser nephelometry reference serum was used. Both antisera and reference sera were obtained from the Behring Institut. Prior to each assay the antiserum was centrifuged for 5 minutes at 2000 g. The turbidity of 20 per cent antiserum, diluted with normal saline did not exceed 0.3 Volt at the output of the nephelometer. The patients* sera and cerebrospinal fluids as well as the reference sera were diluted with normal saline to yield postreactive turbidities, which corresponded to 0.2 to 8.0 Volt at the output of the nephelometer. Standard assay 
Results
The following detection limits have been found with 0.26 ml native cerebrospinal fluid in the standard assay (saline omitted) and an incubation time of two hours:
The normal levels of IgM and j3-lipoprotein could not be determined in unconeentrated cerebrospinal fluid.
There was a good correlation (tab. 2 and fig. 2 ) between the values of albumin, IgG, IgA and a 2 -macroglobulin in both serum and cerebrospinal fluid of those 50 patients that were investigated by both techniques, i. e. the electroimmunoassay and the Laser light scattering immunoâ ssay. The concentration range in which both techniques could be applied and the day-to-day reproducibility found by Laser-nephelometry are summarized in table 2.
The Laser light scattering immunoassay was performed on the cerebrospinal fluid (with normal cell count and normal protein content) from 25 patients between the 3rd and 7th decade of life, who were suffering from a psychosis -both schizophrenia and cyclothymia -or a neurosis. This cerebrospinal fluid was taken for differential diagnostic purposes. The further course of these cases did not reveal a somatic disorder and conventional laboratory tests were normal. As the concentration of serumderived proteins only depends on the actual barrier function, the serum/cerebrospinal fluid ratios of both albumin and a 2 -macroglobulin from these patients served to establish the lower limit of the normal barrier condition. As expected from the good correlation (tab. 2 and fig. 2 ) between both techniques no substantial difference was observed between these data and those obtained for the lower limit of the normal barrier state by the electroimmunoassay (8) . Serum/cerebrospinal fluid ratios lower than 160 for albumin and lower than 650 for <* 2 - macroglobulin indicate a disturbance of the blood-cerebrospinal fluid barrier.
The serum/cerebrospinal fluid protein ratios determined for the remaining 475 patients suffering from a variety of neurological diseases and psychiatric disorders generally confirmed those results found with the electroimmunoassay (3). This was true of both disease groups i.e. those characterized by "pure" barrier disturbances and those inflammatory processes showing a local synthesis of immunogjobulins.
Discussion
The speed with which reliable results are obtained, the easy handling, and the accuracy and reproducibility of Laser light scattering immunoassay will favour the appli (5), the consumption of antiserum is fourfold greater than for the electroimmunoassay. It is, however, possible to reduce this recommended quantity of antiserum by 25 or even 50 per cent per test. These costs are well compensated by the saving of time. Results from the Laser light scattering immunoassay are received within 2 and 3 hours after obtaining the sample, whereas the determination of proteins by the electroimmunoassay requires nearly 24 hours especially for high-molecular proteins. Moreover the Behring Laser-Nephelometer can be connected with a computer to speed up the procedure. Further mechanisation concerning the pipetting and dilution of samples is in preparation by the manufacturer (5).
The blank value determination was performed according to Richterich (17) . This author has recommended that the sample blank should be prepared with all reagents, but with omission of the substance under test. This is a general recommendation for all biochemical assays depending on the measurement of light absorption, fluorescent emission or light scattering. Similar blank value determinations were performed by Killingworth & Savory (IS), Ritchie et al. (19) andS/ie/zfrw et al. (20) .
The major advantage of the polyethylene glycol addition is the acceleration of the antigen-antibody reaction (6, 7) . This acceleration is useful in an automated system, but unnecessary under manual conditions. A prolongation of the incubation time up to two hours is useful for biological fluids poor in proteins.
The question arises as to which proteins should be determined in both serum and cerebrospinal fluid under routine conditions in a neurological and psychiatric hospital. The evaluation of the blood-cerebrospinal fluid barrier by serum/cerebrospinal fluid concentration ratios of both albumin and o^-macroglobulin is a more sensitive criterion than the determination of the total protein content (3). Slightly decreased serum/cerebrospinal fluid ratios of these two proteins may reveal a barrier disturbance although the total protein content remains in a normal range. But the determination of the total protein content in cerebrospinal fluid is a reliable screening test to decide which dilution factor is optimal for further investigations. In this way, unnecessary Laser nephelometric measurements can be prevented.
The applied barrier concept has proved to be a reliable criterion for deciding whether raised immunoglobulin levels are the result of passive transfer or of local synthesis within the nervous system. Under normal conditions the immunoglobulins are subject to the same principle of transfer from serum into the cerebrospinal fluid compartment as are the barrier markers albumin and a 2 -macroglobulin. The same is true of "pure" barrier disturbances, whereas a great deviation of the serum/cerebrospinal fluid immunoglobulin ratios occurs in cases with a local immunoglobulin synthesis. Delpech & Lichtblau (21) found a correlation between the cerebrospinal fluid/serum ratios of both albumin and IgG. In cases with a disturbed blood-cerebrospinal fluid barrier both ratios increase, whereas in subjects with an IgG-production a significant deviation of the cerebrospinal fluid/serum IgG ratios appears. Their results have been confirmed by Ganrot & Laurell (22) and Eickhoffet aL (23) .
The rational of this coefficient proposed by Delpech & Lichtblau (21) is the assumption, now well founded, that the albumin concentration ratio is a valid parameter under normal and pathological conditions. One can also choose some other proteins as permeability markers, but for various practical reasons only albumin, ceruloplasmin and a 2 -macroglobulin have been successfully utilized. Certainly the albumin ratios can be compared with those of all immunoglobulin classes to detect a local antibody production, but a complete barrier evaluation should include a criterion of "selectivity" (24, 25) . The linear protein gradient (serum/cerebrospinal fluid concentration ratios versus hydrodynamic radii in a semilogarithmic scale) constructed with albumin and a 2 -macroglobulin (26) can be extended into the size range of IgM and | 3-lipoprotein in cases with barrier disturbances (fig. 3 ). As the concentration ratios of cerebrospinal fluid proteins (a local synthesis of immunoglobulins excluded) only depends on the actual barrier state, the establishment of normal absolute values is of rather limited significance. To avoid misinterpretations, their content in cerebrospinal fluid can only be evaluated in reference to their serum counterparts. One female with a normal barrier condition showed a cerebrospinal fluid IgA level of 24 mg/1, which was the result of an extremely elevated serum level due to an IgA myeloma. The serum/cerebrospinal fluid IgA ratio in this case had remained in the normal range.
Under routine conditions the determination of the serum/ cerebrospinal fluid ratios of both albumin and IgG might be sufficient. But in all inflammatory disorders the additional measurement of the serum/cerebrospinal fluid ratios of IgA and IgM is recommended, since an isolated synthesis of these immunoglobulins may occur.
